Introduction
Atonic seizures, falls and drop attacks are often associated with severe early childhood epilepsy and are linked to epileptic encephalopathy syndromes such as myoclonic astatic epilepsy of childhood where atonia mainly involves trunk muscles leading to seizure induced falls [1] . Increasingly atonia is recognised as a feature of focal seizure types, particularly in the adult population [2, 3] . Epileptic drop attacks and atonic seizures are important to recognise in the clinical setting since they are associated with significant morbidity and injuries related to falls. Epileptic drop attacks and falls are either due to atonic seizures or can be seen in the setting of brief tonic seizures. Symptomatogenic areas for tonic and atonic seizures are the supplementary motor, negative motor and primary motor areas in the frontal lobes [4] . Interestingly, tonic seizures are a hallmark in Lennox-Gastaut syndrome [5] , a syndrome defined by developmental delay, but it remains uncertain whether atonic or tonic seizures may indicate immature brain and as such may be more often associated with developmental delay. In addition, it remains unclear whether there are any distinct clinical or imaging findings which may point to drop attacks and seizures associated with falls. Falls or atonia may have cardiac causes. Whereas these may stand on their own and may be mistaken as seizures [6] , there are also patients suffering from seizure induced bradycardia or asystole [7] .
We therefore aimed to determine the frequency of atonic seizures, seizure related drop attacks and falls on the video EEG monitoring unit. In addition, we sought to determine the clinical phenotype of these patients and the electrographic signature of seizures presenting with atonic phenomena, epileptic drop attacks and falls. This will help to inform practice in both the outpatient setting and in the EEG monitoring unit which has recently been emphasized as an important area of clinical improvement [8] .
Methods
SB and SK, both experienced in the analysis of Video EEG monitoring data retrospectively screened all Video EEG monitoring reports at National Epilepsy Society, Chalfont St Peter, UK, over a 
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At times it was difficult to differentiate atonic from tonic seizures and these semiologies were often intermixed. Video was reviewed at slow speed (0.3 s per s) and cessation of EMG activity in the EEG channels was evaluated to classify as either tonic or atonic. We did not screen for tonic seizures, but included these only if the tonic feature was associated with an epileptic ''drop'' or ''fall''.
This study was approved as part of a service evaluation assessing safety of Video EEG monitoring at the National Epilepsy Society, Chalfont St Peter, UK.
Results
1112 Video EEG monitoring reports were found in the study period. Of those 109 contained either the word ''drop'' or ''atonic'' Of those 23 patients, 12 presented with tonic seizures and 8 patients had isolated atonic phenomena leading to a fall or loss of axial posture. Three patients showed both tonic and atonic features.
Median age at admission for video EEG monitoring was 33 (range 18-53 years), median age at epilepsy onset was 6 years (range 0-26). Eleven patients had a normal neurological exam whereas five had impairments in the motor system presenting with upper motor neurons signs. Interestingly, 13 patients (56%) had mild to severe learning disabilities, with five diagnosed with syndromes. Twelve patients were either born prematurely, were cyanosed at birth or had delayed milestones (Table 1) .
A lesion on MRI was present in 12 patients (52%); in seven patients, the lesion or part of the lesion was located in the frontal lobe and in 10 patients the presumed epileptogenic zone was in the frontal lobes. Six patients were classified as suffering from multifocal epilepsy, and in the other patients the epileptogenic zone remained unclear or was outside the frontal lobe unclear (Table 1) .
We next analysed the electrographic signature and semiology of seizures presenting with epileptic drop attacks, falls or atonic features.
Ictal EEG showed paroxysmal fast activity in six, spike and wave discharges as a seizure pattern in six and diffuse attenuation in five patients at the onset of the seizure. Seizure patterns were generalized (n = 12), localized to the vertex (central or with a central maximum; n = 5), posterior temporal (n = 2) and obscured by artefact (n = 5). Video analysis of the semiology of atonic seizures revealed that these were predominantly isolated seizures types (n = 46/52; 88%) whereas atonic seizures were embedded in a ''complex'' seizure semiology in only six seizures. In all patients other seizure types were captured in addition to tonic/atonic seizures and those were simple motor seizures such as myoclonic jerks (n = 16), complex motor seizures (n = 7), and dialeptic seizures (n = 7). Video analysis of the seizures showed that in eight patients a fall with (n = 4) or without (n = 4) injury was recorded on the monitoring unit (Suppl. Table 1) . Seizure frequency in patients presenting with drops, falls and atonic seizures was high with a median of 12.9 seizures captured in 24 h (range: 0.3-124.3; Table 2 ). None of the patient in our series had atonia or falls due to ictal asystole or symptomatic bradycardia.
Discussion
Atonic and tonic seizures have been mainly linked to severe epilepsies in childhood such as early infantile epileptic encephalopathy (EIEE or Ohtahara syndrome), Lennox Gastaut syndrome and Doose syndrome where frequent drop attacks are contributing significantly to morbidity [11] . In contrast, in the adult population, these were rare, with these particular seizure types seen only in 2.3% of Video EEG monitoring studies in our centre. Interestingly, learning disabilities were found in the majority of patients presenting with falls, drop attacks and tonic seizures, and in some clear syndromes were described. We found focal lesions in 39% of patients with 73% of them affecting the frontal lobes. In keeping with this, the presumed epileptogenic zone was often in the frontal lobes (43%). The frontal lobe contains primary motor cortex and negative motor areas, both of which are implicated in generating atonic and tonic phenomena [2, 12] . Atonic seizures leading to falls are thought to involve trunk muscles and this is supported by our findings where atonia/tonic features led to a head drop in many cases. The postulated mechanism of this is that corticoreticular pathways inhibit the postural tone particularly of axial muscles [13] . Ictal patterns seen were paroxysmal fast activity, generalized spiking and EEG attenuation, patterns which have been associated with atonic and tonic seizures in childhood onset epilepsies such as Lennox Gastaut syndrome. An EEG fMRI study was able to show that these EEG patterns activate subcortical structures as the brainstem, thalamus, and basal ganglia [14] .
An important aspect in our study is that in eight patients (35%), falls were recorded which resulted in injury in half of the cases. This study highlights the additional morbidity of this seizure type, and it underscores the need to recognize patients with this seizure type to improve patients' safety both in their home environment and in the video EEG monitoring unit [8] . Video EEG monitoring is considered an acceptably safe procedure [15] ; however, a recent consensus statement highlighted several aspects that should be considered prior to admission [16] . One of those aspects is that patients at high risk of falls should be screened prior to admission. We have described clinical characteristics of these patients which may help identifying patients at risk of falls in the outpatient setting prior to admission to the video EEG monitoring unit. A recent study has highlighted preventions such as patient education, hourly nurse rounding, nocturnal bed alarms and having two persons assisting for high fall risk patients. This study also showed that a ceiling lift system prevented falls in the video EEG monitoring unit [17] . These measures could be applied to patients identified by the clinical characteristics outlined in our study.
In our cohort no patients with ictal asystole or ictal symptomatic bradycardia were seen. We want to highlight that this is another important differential diagnosis when dealing with falls in video EEG monitoring unit [7] , and cardiogenic syncopes and ictal asystolies or bradycardia presenting as falls in the video EEG monitoring have been described before [6, 7] .
Conclusion
Atonic seizures, falls and drop attacks are rare events in adults. They are seen in patients with learning disabilities, lesions in the frontal lobe or specific EEG patterns, which should prompt the clinician to ask for this devastating seizure types which significantly add to morbidity in epilepsy.
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